To evaluate the mid-term outcome of anterior cruciate ligament (ACL) reconstruction using the medial third of the patellar tendon as the bone-patellar tendon-bone (BPTB) graft. Methods. 79 men (34 right knees and 45 left knees) aged 20 to 52 (mean, 28) years underwent ACL reconstruction using the medial third of the patellar tendon with bone plugs and were followed up for a minimum of 3 years. Stability was assessed using the Lachman test and the pivot shift test. The range of motion, donor-site symptoms, Lysholm knee score, and International Knee Documentation Committee (IKDC) score were also recorded. results. In terms of stability, only 4 patients had a grade-2 laxity postoperatively, compared to all having a grade-2 or -3 laxity preoperatively. Regarding the range of motion, extension loss was <3º in 76 patients and 3º to 5º in 3, whereas flexion loss was <5º in 73 patients, 5º to 15º in 5, and 16º to 25º in one. No patient had patellar tendon rupture/ shortening, patellar fracture, or patellar maltracking. The mean Lysholm knee score improved from 48 to 92 (p<0.0001); scores were excellent (>90) in 46 patients and good (83-90) in 32 patients. The overall IKDC score was grade A (normal) in 9 patients, grade B (near normal) in 66, and grade C (abnormal) in 4. Three of the latter patients had osteoarthritic changes and pain on minimal physical activity. Only one patient had a sensation of partial giving way during moderate physical activity. 20% of the patients had anterior knee pain. conclusion. Outcome of ACL reconstruction using the medial third of the patellar tendon was comparable to that using the central third of the patellar tendon. In addition, there were no instances of patellar tendon rupture/shortening, patellar fracture, or patellar maltracking.
reproduces the anatomy and biomechanical functions of the ACL to restore stability and previous level of activity and avoids degenerative changes caused by altered kinetics. The autogenous bone-patellar tendon-bone (BPTB) graft has superior strength and stiffness, initial fixation quality, and bone-to-bone healing at both femoral and tibial attachment sites. These enable rapid graft incorporation and hence early rehabilitation. 1 The central third of the patellar tendon is usually chosen as the BPTB graft. Nonetheless, the medial third of the patellar tendon can be harvested with a single cut, without the need to approximate the paratenon or tendon. Its bone plug harvested from the patella has a flag-like shape mimicking the ACL's attachment. 2 Moreover, it is at much less risk of patellar tendon rupture/shortening, patellar fracture, and patellar maltracking. We evaluated the mid-term outcome of ACL reconstruction using the medial third of the patellar tendon as the BPTB graft.
Materials and Methods
Between March 2003 and December 2006, 92 consecutive patients underwent ACL reconstruction using the medial third of the patellar tendon with bone plugs. They were diagnosed with chronic ACL-deficient knees clinically by the Lachman test, the pivot shift test, and the sense of instability, and confirmed radiologically by magnetic resonance imaging (MRI). Elderly patients not having an active lifestyle, patients with pre-existing severe knee degenerative changes or associated major collateral ligament injuries scheduled for repair, and children with open epiphysis were excluded. ACL reconstruction was undertaken under tourniquet control and only after the knee joints had regained full range of motion, skin and soft-tissue conditions had optimised, and the swelling had resolved.
The knee was positioned in 90º flexion, and an incision (5-6 cm) was made along the medial aspect of the patellar tendon. The medial 10 mm of the tendon was cut with a double-edged knife. Bone plugs (1 cm wide and 2.5 cm long) were harvested from the patella and tibial tuberosity using an oscillating bone saw. The saw was kept vertical for the first 3 to 5 mm and then angled to 60º for the remaining 5 to 8 mm. Care was taken to avoid a deep-V cut as it would act as a stress riser predisposing to fracture. Bone plugs were separated from their bed using an osteotome. The patellar tendon was freed from the underlying fat using scissors. The under surface of the bone plugs were flattened using a rongeur or bone cutter. Holes were drilled into the bone plugs at either ends with smooth Kirschner wires (3 mm) and number 5 non-absorbable sutures (Ethibond) passed to act as lead threads.
The tibial tunnel was then drilled at the midpoint between the superior and inferior limits of the tibial tuberosity, midway between the tibial tubercle and the posteromedial edge of the tibia. A tibial angle guide was used to achieve optimal intra-articular placement of the tibial tunnel. The tip of the angle guide was placed over the ACL footprint or 5 to 7 mm anterior to the fibres of the posterior cruciate ligament. The transtibial technique was used and the femoral tunnel was placed between the 10 and 11 o'clock position for the right knee and between the 1 and 2 o'clock position for the left knee. Using the Beaths pin, the tibial end of the graft was passed into the femoral tunnel and fixed with interference screws. The graft was then fixed in the tibial tunnel using interference screws with tension on the graft. Graft tensioning was achieved by positioning the knee at 30º flexion and maximum tension applied to the lead sutures. Range of motion was assessed with particular reference to full extension. Stability was assessed using the Lachman and pivot shift tests.
Postoperatively, a hinged knee brace was applied for 6 weeks. Supervised physiotherapy was started in order to achieve full extension and almost 90º flexion at the end of week 1. Full flexion was achieved at weeks 4 to 6. Strengthening exercises were started at week 6. Return to original activities (including sports) was allowed at month 6. Patients were followed up every 6 months. Stability was assessed using the Lachman test and the pivot shift test. The range of motion, donor-site symptoms, Lysholm knee score, and International Knee Documentation Committee (IKDC) score were also recorded. Student's t test (paired) was used for comparison of continuous variables. A p value of <0.05 was considered statistically significant.
results
Of the 92 patients, 79 men (34 right knees and 45 left knees) aged 20 to 52 (mean, 28) years were followed up for a minimum of 3 years. 31, 11, and 6 of the patients had torn medial meniscus, lateral meniscus, and both menisci, respectively. 21 and 8 patients underwent partial and complete medial meniscectomy, respectively, whereas 8 and 2 patients underwent partial and complete lateral meniscectomy, respectively. According to the IKDC self-evaluation system, knees were normal in 9 patients, near normal in 66, and abnormal in 4. Three of the latter also had osteoarthritic changes.
Three years after ACL reconstruction, 68 patients had no or minimal pain during strenuous physical activity, 7 had pain during moderate physical activity, and 4 had pain during light physical activity. 71 patients had no or minimal swelling after strenuous physical activity and 8 had swelling after moderate physical activity. Only one patient had a sensation of partial giving way during moderate physical activity. The IKDC symptomatic grading was normal in 67 patients, near normal in 8, and abnormal in 4. 20% of the patients had anterior knee pain.
Regarding stability, only 4 patients had a grade-2 laxity postoperatively (Table 1) , compared to all having a grade-2 or -3 laxity preoperatively. Regarding the range of motion, extension loss was <3º in 76 patients and 3º to 5º in 3, whereas flexion loss was <5º in 73 patients, 5º to 15º in 5, and 16º to 25º in one (Table 1) .
Regarding donor-site symptoms, 6 patients had mild numbness or tenderness, 11 had moderate symptoms, and 62 had no symptoms. Only 7 patients had difficulty in kneeling. No patient had patellar tendon rupture/shortening or patellar fracture. The mean Q angle was not significantly different before and after surgery ( Table 2) , indicating no patellar maltracking.
35 of the patients had mild (<2 mm) and 4 had moderate (2-4 mm) joint space narrowing, which was medial in 26 and lateral in 9. 16 of the patients had asymptomatic crepitus and 4 had crepitus with mild pain. 12 patients had a single leg hop of >90% of the opposite leg, 64 had a hop of 89 to 76%, and 3 had a hop of <75%.
The mean Lysholm knee score improved from 48 (range, 24-77) to 92 (range, 81-96) [p<0.0001]; scores were excellent (>90) in 46 patients and good (83-90) in 32 patients. The overall IKDC score was grade A (normal) in 9 patients, grade B (near normal) in 66, and grade C (abnormal) in 4 ( Table 3 ). Three of the latter patients had osteoarthritic changes and pain on minimal physical activity. There was no intra-or post-operative complication.
discussion
The ultimate tensile strength and stiffness of the BPTB graft is >150% that of the ACL and is significantly higher than that of the hamstring or quadriceps tendon graft. 3, 4 Stability is more reliable when the BPTB graft is used. 5 Outcomes of ACL reconstruction using the central third of the patellar tendon have been good to excellent. [6] [7] [8] In an ultrasonographic study of the patellar tendon after its medial third was harvested, the tendon had regained 95% of the cross-sectional area after 30 months. 2 Studies using magnetic resonance imaging and ultrasonography have reported similar results when the central third of the patellar tendon is harvested. [9] [10] [11] The risk of patellar tendon rupture is higher when its central third is used, owing to excessive tension during closure of the longitudinal defect in the central third of the patellar tendon. 12 Areas of focal necrosis caused by excessive tension and secondary fibrosis diminish tensile strength and predispose the patellar tendon to rupture under normally tolerated stress. 12 On the contrary, there was no patellar tendon rupture in >2000 ACL reconstructions when the medial third of the patellar tendon was used. 13 In a study of patellofemoral congruence following ACL reconstruction using the medial third of the patellar tendon, 14 no significant difference was noted before and after surgery in the congruence angle, Merchant angle, and Q angle, as well as the lateral patellofemoral angle. 2 This indicates that the risk of lateral patellar maltracking is unlikely when the medial third of the patellar tendon is used.
Patellar fracture is a complication of ACL reconstruction when the BPTB graft is used, with a rate of 0.5 to 2%. [15] [16] [17] Disruption of the intra-osseous mid-patellar and polar vascular channels is the probable cause of transverse patellar fractures. 18 When the trapezoidal bone plug is harvested from the medial part of the inferior patellar pole, the vascular supply to the remaining patella is less likely to be interrupted to predispose to patellar fracture. There is no report of patellar fracture when the medial third of the patellar tendon is used.
After ACL reconstruction using the BPTB graft, the rate of anterior knee pain varies from 5 to 35%, which can be reduced by early and accelerated rehabilitation. [19] [20] [21] The rate is 22% when treated nonsurgically or when the hamstring graft is used. 1 Anterior knee pain can be minimised by restoring full extension of the knee joint. 22 20% of our patients had anterior knee pain, which is consistent with other studies using the central third of the patellar tendon as the BPTB graft. 23 Patellar tendon shortening is a cause for anterior knee pain when the BPTB graft is used. 30% 24 to 55% 25 of patients had significant patellar tendon shortening when the central third of the patellar tendon was used. In contrast, only 25% of patients had shortening of >10% when the medial third of the patellar tendon was used. 26 The patellar height decreased by 9% in the early postoperative period (<30 months) and 7% in the late postoperative period (>30 months) after ACL reconstruction using the medial third of the patellar tendon. 2 The medial third of the patellar tendon compares favourably to the central third of the patellar tendon for ACL reconstruction. Its advantages include single incision on the patellar tendon and less risks of patellar tendon rupture/shortening, patellar fracture, and patellar maltracking.
